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Abstract 

In this paper we show that certain types of cosmological brane configurations 
may induce topological inflation. In generic models for topological inflation, there 
is a strict bound for the potential of the inflaton field. Naively, it seems that these 
constraints can be removed if inflation starts with a hybrid potential. However, 
it is difficult to combine topological inflation and hybrid inflation, because of the 
difference in their initial conditions. In this paper, we show some examples in 
which a novel type of topological inflation is realized with the unconventional hybrid 
potential. 
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1 Introduction 

The idea of topological inflation is independently pointed out by Vilenkin T] and 
Linde|2], and recently applied to the scenario of the brane world[S]. Let us begin with a 
simple potential where a scalar field is a one-component scalar field with a double-well 
potential, 



This model has two minima at = ±7], which are degenerated. Supposing a random state 
for with a dispersion larger than t], the Universe will split into domains of = +r] and 
= —f]. The cosmological domain walls appear at the boundary interpolating between 
different vacua. There is the false vacuum state of ^ in the core of domain walls. 
If the size of the false vacuum region is greater than the horizon size, this region will 
undergoes infiational expansion. The conditions for the above simple potential implies 
rj > MpjTll2j. Although it seems plausible that a topological inflation takes place when the 
above condition is satisfied, the constraints for the potential seem rather crucial, because 
it requires fine-tuning of the parameter A < 10~^^. Even if one considers a supersymmetric 
fiat potential, it seems difficult to meet the conditions for successful inflation. In generic 
cases, the negative mass of the flat potential is determined by the gravitino mass ^3/2!!]. 
Then the energy density during inflation is almost fixed at Vq — rriy^V^^ if single-field 
inflation is assumed. The above constraints may be removed if inflation is realized by the 
hybrid potential. In this paper we show examples for topological inflation combined with 
hybrid inflation, in which the hybrid potential is realized in the scenario of non-tachyonic 
brane inflation [7]. ^ 

2 Topological brane inflation 

Here we first consider an effective potential of the form, ^ 



^In general, inflation with low fundamental scale is very difficult Baryogenesis in models with low 

fundamental scale is discussed in ref.0. 

■^Here we consider the case where massless or massive modes are localized on the branes. The forms of 

their wave-functions will be gaussian that decays exponentially in the transverse directions. For example, 






(2.3) 
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The potential ()2.3j) has two minima at = ±</)o, which are degenerated. Assuming 
|0o| > Ml, the pecuhar feature of the potential is the fiat direction. The potential is flat 
except for the small region around two minima. Although it remains flat at the tree level, 
the gravitational effect will lift the potential. For example, the gravitational correction 
may take the form, 

Al/ = -m^/202 + A„^, (2.4) 

p 

where the first term is the familiar soft mass term, and the second represents nonrenor- 
malizable terms. For simplicity, here we have assumed that the soft mass appears with 
the negative sign, and the stability of the potential is ensured by the second term. Ob- 
viously, the potential ()2.4|) induces another (local or global) minima for the field 0. Here 
we simply assume that the global vacua are at = ±00, and denote the additional local 
minima by (plocai- The local minima (plocai assumed to be located outside the region 
of (f) < \(f)Q\. Supposing a random initial state for the field 0, the Universe is split into 
domains of = 0, = 0o and (plocai- ■'■^ ^^^^ case, the width of the domain walls inter- 
polating between different vacua is about S ~ ""^3/2) which is not related to the vacuum 
we consider the form; 

V'(r) ~ e^*^^'-)', (2.1) 

where r denotes the transverse distance from the center of the brane, and M^^ is the width of the 
wave-function. When branes are separated, the couphngs between locahzed modes from different branes 
will decay exponentially. On the other hand, when branes are on top of each other, the couplings are 
restored. We will discuss some examples in the next section, where the couplings are needed to maintain 
supersymmetry in the inflation sector. (Of course the phenomenological supersymmetry breaking remains. 
However, in generic cases, the scale of the phenomenological supersymmetry breaking is much smaller 
than the required supersymmetry breaking during inflation. ) If the couplings are responsible for the 
supersymmetry on the branes, one will flnd supersymmetry restoration on the branes when branes are 
coincident. Let us consider the case when the constant energy density ~ A/* appears when branes are well 
separated. The origin of the vacuum energy is the spontaneous breaking of supersymmetry on the branes, 
which is due to the absence of some couplings. If the energy density disappears (i.e., supersymmetry is 
restored) when the interactions appear, one will find the potential of the form 

V{(t)) = (l - e-^^^i'')') , (2.2) 

where r denotes the distance between branes. In the next section, we will show some examples where 
supersymmetry restoration occurs at two points in the extra dimensions. 
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energy in the interior of the wall. 

The obvious advantage of the above potential is the followings. Since there is no 
relation between the vacuum energy in the interior of the wall and the width of the 
domain wall, it is possible to find a model in which the vacuum expectation value of the 
infiaton field does not exceed the Planck scale. At the same time, the requirement from 
the COBE measurements of the microwave background anisotropics is crudely 

p V Ml<PcoBEml^ ■ - ' 

Here (pcoBE denotes the expectation value of when the COBE scales leave the horizon. 
Obviously, the above requirement is much looser than the conventional one. One may 
critically think that the fine-tunings of the parameter is simply replaced by the fine-tunings 
of the scales. In the context of the string theory, the consistency of the model is ensured 
by the requirement of additional dimensions. In models with large extra dimensions, 
the observed Planck mass is obtained by the relation = M^~^^Vn, where and Vn 
denote the fundamental scale of gravity and the volume of the n-dimensional compact 
space. Assuming more than two extra dimensions, M^, may be close to the TeV scale 
without confiicting any observable bound. The most natural embedding of this picture in 
the string theory context will be realized by the brane construction. Thus in the brane 
world scenario, there is no obvious reason to believe that the fundamental scale is as 
high as the Planck scale. In this respect, the fundamental scale is the scale that should 
be determined by observations, rather than the input parameter. We believe that the 
fundamental scale should be determined by the cosmological requirements. 

Our goal in this paper is to find a concrete example, in which the above idea is realized 
within the natural settings of the brane world. 

2.1 Non-tachyonic brane inflation due to the D-term 

Here we consider non-tachyonic brane infiation in ref. and examine whether one 
can construct a model that is suitable for our purposes. In general, F-term inflation suffers 
from the old serious difficulty. In the past, the idea of D-term inflation was invoked to 
solve the problem of F-term inflation in conventional supergravity. Our model for inflation 
is a modiflcation of the conventional hybrid inflation. Here we consider an extra dimension 



{y) and a localized Fayet-Iliopoulos term placed at y = of the form 



(2.6) 



where D is an auxiliary field of the vector superfield. We consider an additional abelian 
gauge group U{l)x in the bulk, while the Fayet-Iliopoulos term for U{l)x is localized on 
a brane. We also include the fields (px that has the U{l)x charge and localized on the 
other brane at y = yi. When two branes are located at a distance, \yi\ » M^^, the 
Fayet-Iliopoulos term ()2.6p breaks supersymmetry on the brane. ^ In this case, as in the 
conventional models for brane inflation, the infiaton field is the moduli that parametrizes 
the brane distance. Here we denote the moduli by = M^yi, where M^, is the fundamental 
scale. The potential for the infiaton field is fiat at the tree level. As we are considering 
D-term inflation, the mass of the infiaton (m,^) may be much smaller than the Hubble 
parameter. Then a modest limit is m,^ > ^3/2, where is the gravitino mass in the 
true vacuum. If the extra dimension is 5*^, the resultant domain wall is the = 1 axionic 
domain wall that is bounded by the strings. The potential is periodic, and similar to 

eq.(E3D. 

model 2 

Let us consider the next example, five-dimensional theory that is made chiral by choos- 
ing the right boundary conditions [8J. An abelian gauge multiplet of the five-dimensional 
gauge sector consists of a vector superfield V whose components are the four- dimensional 
part of the vector gauge field A^, the left-handed gaugino, auxiliary field D, and a chiral 
scalar field $. The lowest component of $ is a complex scalar = (S + iA^)/\/2, where 
Ar, is the fifth component of the vector field. The five-dimensional Lagrangian density is 
given by 




(2.7) 



We assume a Fayet-Iliopoulos term on a brane at ?/ = 0, which looks like 



mVS{y)],, . 



(2.8) 



Here we assume that the fields 0^, which have charges of ±qx, are localized on a brane 
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Here we temporally ignore the derivative terms. 
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ai y = L/2. The D-flat condition is 



D = ^2^Siy) + ^(|0ir - \rx\')5iy - L/2) + 9,sJ = 



(2.9) 



which is satisfied even though the fields (px are not located at the brane on which the 
Fayet-Iliopoulos term is localized. In this case, the explicit form of the solution is — 
= — 4^/(7 S = ^e{y). This simple example shows that there is a possibility 
that supersymmetry can be restored by the derivative terms even if the Fayet-Iliopoulos 
term and the charged matter field are separated. Such a configuration is possible for 
five-dimensional models with orbifolded boundary conditions, at least when the Fayet- 
Iliopoulos term and the charged matter are located exactly at different fixed points. Then 
we can find two degenerated supersymmetric vacua at each fixed point. The potential for 
the moduli field is 



Here the field denotes the moduli for the location of the moving brane on which the 
fields (f)x are localized. The above potential has two degenerated minima at = and 
= M^L/2. The potential between the degenerated vacua is almost fiat at the tree level, 
however it may be lifted by the conventional supersymmetry breaking. The situation is 
precisely the same as eg. ()2.H|1 . 

3 Conclusions and Discussions 

In this paper we have considered cosmological brane configurations that induce topo- 
logical inflation. In generic models for topological inflation, there is a strict bound. In this 
paper, we show some examples in which a novel type of topological inflation is realized 
with the unconventional hybrid potential, which avoids the difficulties of the conventional 
topological inflation. 




(2.10) 
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